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(57)Abstract: 

PURPOSE: To obtain a copper alloy having high strength and high conductivity and excellent in stress relaxation property, 
thermal peeling resistance of plating, silver plating suitability, and stress corrosion cracking resistance. 

CONSTITUTION: The alloy is an alloy which has a composition containing 0.5-4.0% Ni, 0.1-1.0% Si, 0.01-0.1% Mg, <0.0015% S, 
and <0.0015% O or further containing, as accessory components. 0.005-1.0% of one or >2 elements among P. B, As, Fe, Co, Cr. 
Al. Sn. Ti. Zr. In. and Mn and further an alloy which has a composition containing, besides the above components, 0.01-15% Zn. 
This alloy can be used for terminal, connector, relay, switch, etc. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] nickel: The copper alloy for conductive springs characterized by the bird clapper from Remainder Cu 0.5-4.0% (it is 
below the same% of the weight). St:0.1-10%, Mg:0.01-0.1%, S:0.0015% or less, and 0:0.0015% or less. 

[Claim 2] nickel: The copper alloy for conductive springs characterized by the bird clapper from Remainder Cu 0.5-4.0%. Si.0.1- 
1.0%. MgO.01-0.1%, Zn:0.01-15%. S:0.0015% or less, and 0:0.0015% or less. 

[Claim 3] nickel:0.5~4.0%, Si:0.1-1.0%, and Mg: — the copper alloy for conductive springs which contains one sort or two sorts or 
more 0.005 to 1.0% as an accessory constituent further among P. B, As. Fe. Co. Cr. aluminum. Sn. Ti. Zr. In. and Mn, and is 
characterized by the bird clapper from Remainder Cu 0:0 0015% or less S:0.0015% or less 0.01 to 0.1% 

[Claim 4] nickel: 0.5-4.0%. Si:0.1-1.0%. MgO.01-0.1%, Zn: 0.01-15%. S:0 0015% or less. 0.0.0015% or less. The copper alloy for 
conductive springs which furthermore contains one sort or two sorts or more 0.005 to 1.0% as an accessory constituent among 
P. B. As, Fe, Co. Cr, aluminum. Sn. Ti, Zr, In, and Mn. and is characterized by the bird clapper from Remainder Cu. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1-This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the copper alloy for conductive springs used for a terminal, a connector a relay, 

a switch, etc. 

[0002] 

[Description of the Prior Art] Conventionally, as a copper alloy for these springs, brass and phosphor bronze are used widely 

and titanium copper and the beryllium copper were used for what high intensity is required as in part. 

[0003] 

[Problem(s) to be Solved by the Invention] In recent years, what has high intensity and a high spring property is called for by 
the miniaturization of a device and parts, and a good material of a stress relaxation characteristic is especially called for from a 
viewpoint of the long-term reliability of a spring property. Moreover, since it is necessary to prevent the temperature rise of the 
parts at the time of use as much as possible to make a stress relaxation characteristic good, material with high electrical 
conductivity is called for good [ thermolysis nature ]. 

[0004] The heat-resistant detachability of Sn plating and solder plating is still better, and high-reliability material without the 
migration phenomenon under existence of moisture is called for. To such demand characteristics, although brass is a low cost, it 
is inferior to intensity and spring nature, and stress corrosion crack sensitivity is also high. Moreover, phosphor bronze and 
titanium copper had low electrical conductivity, and the beryllium copper is expensive and had merits and demerits, respectively. 

[0005] Then, although the alloy of recent years many is shown, since the Cu-nickel-Si system alloy is excellent also with 
intensity and conductivity also in it. it is observed. Since a stress relaxation characteristic will be further improved if Mg is 
added as shown especially in USP4594221 (JP,61-250134,A). it is a material suitable as spring material. However, it turns out 
that the heat-resistant detachability of plating deteriorates remarkably when this alloy adds Mg. and the improvement was 
called for. 
[0006] 

[Means for Solving the Problem] As a result of inquiring about a Cu-nickel-Si-Mg system alloy in view of this situation, it came 
to obtain the alloy with which it is satisfied of many properties of all as spring material. 

[0007] this invention Namely, nickel.0.5-4.0%. Si:0.1-1.0%. Mg: 0.01-0.1%. S:0.0015% or less. 0:0.0015% or less. To the copper alloy 
or the above which consists of the remainder Cu. further P, B, As. Fe, They are the copper alloy which contains one sort or two 
sorts or more 0.005 to 1.0% among Co. Cr. aluminum. Sn, Ti, Zr. In, and Mn. and the alloy for conductive springs further 
contained Zn:0.01 to 15% into both the above-mentioned alloys, respectively. 

[0008] Each reason for component limitation of this invention alloy is shown below. Although nickel generates Si and an 
intermetallic compound by the aging treatment and the reasons for making nickel content into 0.5 - 4.0% are intensity and a 
principal component which raises both conductivity, when intensity is low and exceeds 4.0%, they are for processability to fall at 
less than 0.5%. 

[0009] although Si is effective in raising the migration -proof nature other than the effect which raises intensity, without seldom 
lowering conductivity with nickel, if the reason for making the content into 0.1 - 1.0% does not have those effects at less than 
0.1% and exceeds 1.0%, conductivity will fall remarkably — it is a sake 

[0010] Although Mg raises a stress relaxation characteristic, it is a component which degrades the heat-resistant detachability 
of plating, and when it cannot improve a stress relaxation characteristic even if the reason for making Mg content into 0.01 - 
0.1% specifies S and O, but it exceeds 0.1%, it is for the heat-resistant detachability of plating to fall at less than 0.01%. 
[0011] The reason for making S content into 0.0015% or less In order to also make a stress relaxation characteristic good 
further, making Mg content low and improving the heat-resistant detachability of plating If it is because it turns out that S 
content does very important influence and S exists exceeding 0.0015% It is for Mg to serve as a sulfide so much and to 
distribute in material, to permeate, if a stress relaxation characteristic is not not only improved, but a plating article is heated 
while the heat-resistant detachability of plating deteriorates, even if Mg content is low. and for the defect of a blister to come 
to occur. The reason for making O content into 0.0015% or less is also to permeate, if a plating article is heated while a stress 
relaxation characteristic is not not only improving, but being completely the same as that of S, Mg's serving as an oxide and the 
heat-resistant detachability of plating deteriorating, and for the defect of a blister to occur. 

[0012] That is. even if it begins by making both the contents of S and O into 0.0015% or less and makes Mg content low, the 
stress relaxation characteristic has been improved and the heat-resistant detachability of plating can be improved by making it 
low. 

[0013] It became clear that a convention of the content of S and O is a key point for still a small amount of Mg to also prevent 
the heat-resistant detachability of plating and the stain of plating, and a blister. 

[0014] Although addition of an accessory constituent improves intensity, the reason for making the content of the accessory 
constituent of P. B, and others into 0.005 - 1.0% is for conductivity to fall remarkably at less than 0.005% while processability will 
fall, if the effect does not exist and it exceeds 1.0%. 

[0015] Although its migration-proof nature improves and it also reduces cost while its heat-resistant detachability of plating 
improves by adding Zn. when the reason for making Zn content into 0.01 - 15% does not have the effect and it exceeds 15%, it is 



http://vvww4.ipdl jpo.gojp/cgi-bin/tran^web.cgi^ejue 



2002/09/12 



2/5 ^-v 



because stress corrosion crack sensitivity becomes high rapidly at less than 0.01%. 
[0016] 

[Example] Next, an example and the example of comparison are explained. Table 1 is component composition of the copper alloy 
which examined. Dissolution casting of the copper alloy of these composition was carried out in the atmosphere, and the ingot 
of the size of 30mmtx60mmwx1 20mml was obtained. After carrying out 3mm facing of these ingots of one side and removing 
surface discontinuity mechanically, the thickness of 6mmt(s) was made with rolling between 2-hour heating post heating at the 
temperature of 800-950 degrees C. After carrying out pickling and removing a surface scale, it cold -rolled by Mr. Atsushi of 
0.5mmt. Water quenching after solution treatment was performed for 5 - 10 minutes at the temperature of 800-900 degrees C 
after that. In addition, the grain size number after this solution treatment was adjusted to 10 micrometers. And after finishing 
cold-rolling to 0.3mmt(s), it carried out on the conditions from which the maximum intensity is obtained in the aging treatment 
of 1 - 7 hours at the temperature of 400-500 degrees C. and surface polish was carried out with #1200 emery paper, and the 
last removed the surface discontinuity of a scale etc. and was taken as the test specimen. 
[0017] 
[Table 1] 
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[0018] Tensile strength, elongation, conductivity, a stress relaxation characteristic, tinning heatproof detach ability, silver plating 
nature, and stress-corrosion-cracking-proof nature were examined about the test specimen. Tensile strength and elongation 
measured by performing a tension test using the JIS13B test piece for tensile test. Conductivity measured electric resistance 
at 20 degrees C by the four probe method after processing to the 10mmwx100ml test piece, and converted it into conductivity, 
a stress relaxation characteristic — drawing 1 — like — ten — mmw(s) — x — 100 — mml — having processed it — board 
thickness — 0.3 — mm — a test piece — the gage length — I — = — 50 — mm — height — y — zero — = — 20 — mm — 
bending stress — a load — carrying out — 150 — degree C — 1000 — an hour — heating — the back — drawing. 2 — being 
shown — permanent deformation — an amount (height) — y — measuring — stress relaxation — a rate — ( — [ — After 
tinning heatproof detachability performs 0.5-0.8-micrometer copper ground plating to a test specimen. Predetermined-time 
(every 100 hours) heating is carried out at 150 degrees C after cutting to 10mmwx100mml about- the thing which electroplated 
1-1.5-micrometer tin and which carried out afterbaking reflow processing. 90-degree bending of one side was performed one 
round trip by 0.3mm (= board thickness) of bend radii, it observed near the bending section on the rear face of front with the 
visual field of being 20 times many as this, and the existence of plating exfoliation was checked. Silver plating nature measured 
[ what / performed 1 micrometer of silver plating to the test specimen by making copper flash plate plating into a ground ] the 
number of blisters about the field of 2 (7mm**x30 piece) 1470mm after heating for 2 minutes at 450 degrees C. Fixing the test 
specimen processed into 12.5mmwx150mml in the shape of a loop, indoors, after 12-hour neglect, stress-corrosion-cracking- 
proof nature was left in the desiccator with a capacity of 101. which contains 21. of aqueous ammonia 14%, broke visually, 
investigated the existence of generating, and evaluated it in time to crack generating. Migration-proof nature processed the test 
specimen into lOmmwxIOOmml. set it by 2 sets [ 1 ] like drawing 3 . and was immersed into tap water (300ml) like drawing 4 . 
Next, the direct current voltage of 14V was impressed between the test specimens of these two sheets, and change of the 
current value to elapsed time was measured. The example of representation of this result is shown in drawing 5 . And evaluation 
of migration -proof nature was performed in time (the drawing 5 Nakaya mark) until current value is set to 1.0A. These 
evaluation results are shown in Table 2. 
[0019] 
[Table 2] 
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[0020] It turns out that this invention alloy has good intensity and conductivity from this table, a stress relaxation characteristic 
is also good, and surface quality, such as tinning heatproof d eta chabiiity and silver plating nature, is also very good, and stress- 
corrosion- cracking-proof nature is also good. 

[0021] It is contrary to these, and about a comparison alloy, since No.12 have the high amount of nickel, although intensity is 
high, its elongation is low. and its processability is not so good. Since No.13 have the amount of Si. and the high amount of S, 
conductivity is low. a stress relaxation characteristic is also bad and surface quality, such as tinning heatproof detachability and 
silver plating nature, is bad. No.14 have the low amount of Mg, although it is an example with many amounts of Zn. for a low 
reason, the amount of Mg of a stress relaxation characteristic is not so good, since there are many amounts of Zn, conductivity 
is low, and stress-corrosion-cracking-proof nature is also bad. No: — although 15 and 17 are examples with many amounts of 
Mg, and the stress relaxation characteristic is good, tinning heatproof detachability is bad Since the amount of nickel is low and 
No. 16 have zero (oxygen) high amount, sufficient intensity is not obtained but a stress relaxation characteristic, tinning 
heatproof detachability, and its silver plating nature are bad. 

[0022] Since No. 18 have many amounts of S. and amounts of Zn. a stress relaxation characteristic, silver plating nature, and its 
stress-corrosion- cracking-proof nature are bad. Although No. 19 are the example which does not add Mg, its a stress relaxation 
characteristic is not so good. 

[0023] Since No.20 have O and the high amount of S. a stress relaxation characteristic, tinning heatproof detachability, and its 
silver plating nature are bad. Since No.21 have few amounts of Si, sufficient intensity is not obtained but its migration-proof 
nature is also bad. 

[0024] As explained above, this invention alloy O of a Cu-nickel-Si-Mg system alloy. Moreover, a stress relaxation 
characteristic is also good at high intensity and high electric conduction by specifying the amount of S. adding Zn and adding 
one sort or two sorts or more in P, B. As. Fe, Co, Or. aluminum, Sn, Ti, Zr. In, and Mn further. Plating heatproof detachability and 
silver plating nature are also good, and stress-corrosion- cracking-proof nature is also good. 
[0025] 

[Effect of the Invention] this invention alloy is a copper alloy with good stress relaxation characteristic, plating heatproof 
detachability, silver plating nature, and stress-corrosion-cracking-proof nature in high intensity and high electric conduction, 
and a connector, a relay, a switch, etc. are the copper alloys which should be widely used in an electronic-parts field. 



[Translation done ] 



http://www4jpdljpo.gojp/cgi-bin/tran_web_cgLeije 



2002/09/12 



1/1 V 



* NOTICES * 

Japan Patent Office is not responsible for any 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 ] It is explanatory drawing of the stress relaxation characteristic examining method. 

[Drawing 2] It is explanatory drawing about the amount of permanent deformation of a stress relaxation characteristic 
examination. 

[Drawing 3] It is explanatory drawing of a migration-proof sex-test test specimen. 
[Drawing 4] It is explanatory drawing of the migration- proof sex test. 

[Drav/ing 5] It is the graph which shows the current-value field change to the elapsed time in the migration- proof sex test. 
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DRAWINGS 



[Drawing 1] 



£Drawing_2l 
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[0 0 0 6] 

-Ni-Si — M g V^TW^^fTO 7c«£JI, 

fc. 

[0 0 0 7] ^r&to-fe. N i : 0. 5-4. 

0%, S i : 0. 1 — 1. 0%, Mg: 0. 01 — 0. 
1 %, S : 0. 0 0 1 5%£tT> O:0. 0 0 1 5 

B, As, Fe, Co, C r, Al, S n, Ti, Z 
r, In, MnCD5i3iaXte2a£U:£0. 0 0 5- 

i. omtsiiM, ssfctt±ra*&*£*n* 

hS&fcZn : 0. 0 1-1 5 %-&*-rs*«ft«*affl 

[0008] *»w-&*©»j«»iR)eaaeaTK:* 

*To N16K1S0. 5-4. OXttSlfttt, Ni 
f^MII^OS i t^SWfti^^t^b, 
8l«tt*t«>lC|BlJ:S'S:S*J«»-e*S*»> 0. 5 X* 
SS-Ctt3fi«*tfi<, 4. 0 taxtfeWftTT 

[0 0 0 9] S i UN i <hfc*>fc**0*«tt*~RFf 
ic3£g£ft±2i*£^mcDffiK, WF*4 9V—\ >s>& 

*iRj±s*«aa**j*s^ o. i-i. 

<, i. o%^SA^t«m^a : L<^T'r^fca6T 

"So 

[0 0 10] MgMlSO. 0 1~0. lXfTSa 
*l«Mfe**fl:Stf*ri6#*C*D» 0. 0 1 

i\ o. ix*aA*t»o*owji!n«wfewsTr* 

[0 0 11] S^fifS€:0. 00 15«£tTtt51S 

s**o. o o l s%*mjcr:iT&?z>t. Mg&& 
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fcTfe-S. O^ffi£0. 0 0 1 5 %KTtt51fi 

[ooi2] -rftfc^ s. oro-g^rftSrtfctro. o 
[0013] s^ic«iJ>fi©MgTfcje)o€r©»s»fW8i w 

[0 0 14] P, B-€-(D4S©SiM^O-&^S*0. 0 0 

5~i. o%t?z>mmt, mf&ft(DmMi&Bi&&m 

-r^*S. 0. 0 0 5%*iBTte*©&:&a*&<» 1. 0 
[0 0 15] Zntti&O. 0 1~1 5%fr-5a* 
hfcteML-TVKat, 0. 0 1 
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4 

[0 0 16] 

j£CDgr&&£*§(,«p-?igfl?gftgU 3 0mm t X 6 Dm 
mwx 1 2 0mm 1 >=fy £*l 

6<D-f >rf5; h2r>tB3mmffiB!lL,^tS^<&«i«M^ 
B§S*bfc&. 8 0 0~9 5 0 < C©ia«T2^fMilD^^ 
Wffi@lC.fcO 6mmt©JS^Ctt±tffc„ BSiftLSS© 
^SPfc&L-fc&O. SmmtWJSS^TfrWffiS 
U-fc. ^-<Z>&8 0 0~9 0 0 < C©i&gTC5~l OttfSiS 

©iSS^ttl 0 /zmtcDSSLfc. -eUTO. 3mm t 
*T?©tfc±tf Jftraffl&&. 4 0 0-5 0 0 'COSST 1 

mmt# i 2 o ox^u-sttcfco^HweL. xy- 

[0 0 17] 

[«1] 
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it * n * 


Cu 


n i 


S i 


Mg 


S 


O 


Zn 




W 

& 


1 


38 


2.25 


0. 55 


0.026 


0.0008 


0.0007 


- 




2 


33 


3. 67 


0.97 


0.047 


0.0010 


0.0008 




Co :0.23 


3 




1. 87 


0.43 


0.028 


0.0010 


0.0014 




Cr :0.12, 

Zr : 0. 09 


4 




2. 71 


0.60 


0. 098 


0. 0004 


0.0007 




Ti :0.27, 

Al :0.65 


5 


si 


3.50 


0.80 


0. 049 


0.0012 


0.0012 




So : 0.35, 

P: 0.007 


6 




0.84 


0. 19 


0.050 


0.0012 


0.0014 


7. 30 


B : 0.008, 

AI :0.60 


7 




3.62 


0.93 


0.049 


0.0011 


0.0005 


0.92 




8 




1.41 


0. 35 


0.085 


0.0010 


0.0013 


9.80 


Fe :0.34, 


9 


% 


2.85 


0. 75 


0.067 


0.0008 


0.0006 


1.82 




10 


si 


2.51 


0.61 


0.038 


0.0011 


0.0013 


0. 37 


In : 0.08, 

As : 0.007 


11 


a 


L29 


0. 33 


0.022 


0.0005 


0.0009 


3. 16 


Mn:0.51 
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19 

JLZ 




O. Oo 


U. OO 




0 0007 


0 000Q 








1 o 
io 


fift 
7X 




1 1^ 


0. 092 


0.0073 


0. 0013 


1. 54 






14 

±'± 


fife 


9 1Q 


n 75 


U. \f\J\J 


0 O0OR 


0 0005 


18. 9 


P: 0.024 


8 


15 


fig 


2. 54 


0. 68 


0. 33 


0 0006 


0.0012 


5. 10 






fife 


v* OO 


n 19 


n 01 s 


0 000Q 


0 00% 




Cr • 0 13 




17 


fife 


n 44 


0. 38 


0.46 


0 0012 


0. 0014 




Fp • 0 16 

P : 0.031 




18 




1.96 


0.45 


0.051 


0.0025 


0.0013 


26.8 


- 




19 


m 


2.89 


0.69 




0.0011 


0.0014 


7.43 






20 


a 


1. 93 


0. 52 


0.038 


0.0032 


0.0019 


1. 15 


Sn : 2.32 




21 




1.40 


0.08 


0.076 


0.0006 


0.0008 


1.42 





*JBA»ntt*ttlftUfc. 5131363, #tfttJ I S 1 3 

B3«tt»fr*#V>3IBKl*SfrV»«eb3fc. 

1 Ommwx 100ml ©t^K-fcin:n«P3*m£fc«fc 

D 2 0"ClCT««««*JlJfcU SS$SfcJftJSUfc. J6 

*lgfP#ttli0 1 1 Ommwx l 0 Omm 1 (CiJD 

X LifclSJS 0 . 3 mmVUSkmzmjimm 1 = 5 0 mm 

T-fl5£yo = 2 OmmOftiffSASMl. 1 5 Ot^C 

xi o o ommmnm<owi2\z^k-r^^m& <*s> 

y ^iffl^L-JSASft* { [y (mm) /y. (mm) ] 
X 1 0 0 (.96} ) £3¥tfibfc. Sl&o^ffif&flfSttfcilft 
SfrttlCO. 5~0. 8Mm©SrFift»oi*£J6L;/5:&. 
1~1. 5iim©»t«»J6o*l/«:«l03»U7nHB 
SLifcfccDlCO^Tl Ommwx 1 0 Omm 1 tCi2Ji$r& 

1 5 ox:\zxm&mm (i o ou$w#) amu 

SO. 3mm (=«#) Ttt-ffiHtf) 9 0° ffltf 1 Isl 
frV>. 2 0^cD«»X^S®©ft^gEjff^*^UJe)t3 



IC^ViT4 5 0t-t?2»WMSl4 7 0mm J (7m 

mDx 3 oil) (nmmz'D\,*x&<ti<D8;&mfflVfz. 
MfetHS-kmnm* 1 2 . 5mmwX 15 0 mm 1 izM 

jLVit&u$s&)v-7mzm&hit3i2i&iH-ei 2mm 

30 1 0Vyh)MD ; T>'y~?*lzMWls> BfflZTMn& 

&<Dmm&m^mtim£.3iT'e>mmiz-cwffii,r£. m^r 

■iifV—^B >m£&MM&l Ommwx 1 0 Omm 1 
KiDIU 0 3©«k5tC2#:iiffi-e-fe-.y hU EI4<Z>8i 
(3 0 0ml) * KSStbfc. *lrrtie.2fe 

1. 0AIC&5$T©I»$F.IJ (B5^BJ) T-ffofc. £ 

40 [0 0 19] 
[*2] 
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3tiB» 
3(N/ 
mn 2 ) 


CO 


mm 

IAC 
S) 


Sft 
(X) 


48£>o 

MN£ 

(hr) 


ft Ck< 

now 


(hr) 


WV-f 9 
din) 




1 


6 8 3 


7.9 


4 9 


1 6 


600 


0 


> 500 


530 




2 


7 4 1 


5.3 


4 1 


1 5 


500 


0 


> 500 


7 0 0 




3 


6 7 5 


8.9 


49 


1 6 


700 


0 


> 500 


500 




4 


7 17 


6.3 


4 2 


1 0 


600 


0 


> 500 


5 7 0 




5 


7 24 


5.2 


3 7 


1 5 


500 


0 


> 500 


6 2 0 




6 


5 34 


13.3 


4 0 


1 6 


>1000 


0 


400 


420 




7 


7 16 


6.5 


4 5 


1 4 


>1000 


0 


> 500 


720 




Q 

o 


6 4 2 


5.2 


42 


1 3 


>1000 


0 


400 


600 




q 


6 9 8 


8,4 


4 3 


1 4 


>1000 


0 


> 500 


640 




10 


6 9 8 


7.8 


4 5 


1 6 


>1000 


0 


> 500 


5 7 0 






6 11 


11.1 


4 2 


1 7 


>1000 


0 


> 500 


500 






8 3 6 


2.1 


3 9 


1 5 


>1000 


0 


> 500 


680 






7 04 


6.6 


2 9 


2 1 


100 


67 


> 500 


830 




14 


7 3 5 


4.4 


2 3 


2 4 


>1000 


0 


50 


7 9 0 




15 


691 


4.6 


4 1 


9 


100 


0 


400 


690 


16 


4 54 


17.6 


6 0 


2 2 


300 


4 


> 500 


350 




17 


6 4 3 


10.2 


5 3 


1 0 


100 


0 


> 500 


470 




18 


6 5 7 


9.3 


1 9 


2 1 


>1000 


3 


10 


8 0 0 




19 


698 


6.1 


43 


2 3 


>1000 


0 


> 500 


670 




20 


7 2 9 


5.9 


3 7 


24 


400 


1 0 


> 500 


520 




21 


48 0 


22.8 


5 2 


1 1 


>1000 


0 


> 500 


2 0 0 
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[0021] cne.fcSLjtis^^tco^Tta. no. 

<, JPItt*i**D^»?e>5:^. No. 13IJS1 

si«ist>t«>, fcumaft&bm 

fcJgtA. No. 14UMgli»tfi<, ZuM^^MT 

nttfcSVi. No. 15, 1 7liMgi*^HW&*iO'- 
H. No. 1 6«N ii*'fi< 0 (l^SSS) a»*ii5^fc 

[0 0 2 2] No. 18liSl, ZnI*l^Ufc6. jfc 

o . i9UMg &mmvm>Mrz&fcj3mmm&&&%. 

[0 0 2 3] No. 2 0fc£O, Sl^^fcft, 

o. 2 1 as ii*»'>ft^fc». t^^swsn 

[0 0 2 4] &±IB^Lfc<fc5lC#?&IJ^&teCu-N 



i2 



S!-Mg^©0. zn^asjn 
$^>{CP. B. As, Fe, Co, Cr, Al, S 
Ti, Zr, In, Mn©5^HXtt2lH±S 



l - 

U 
n, 

[0 0 2 5] 

[hi] j&j}mft&mmm<7>m.m®~?$>5>. 

[^2] is^^ft^ttiiifto^^ajco^T^iaw 

[04] w?-iifu->>3>&&,m<z>mwm'?3bz>. 
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[01] 



[02] 



[03] 











1 1 

I 1 






y 


1 i 
i i 
















[05] 




—475— 



(8) 
[04] 



#I¥5-59468 




14 V 



wv 



Recorder 



V 



—476— 



